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ABSTRACT

Purpose: This study aims to determine the interaction of LMP-1 with H,O, , nitrosamine, and nicotine to predict the
external factor that affected LMP-1, which activates lytic phase on nasopharyngeal carcinoma (NPC).

Materials and Methods: The amino acid sequence of human LMP1 (Gl: 343177335) and compound structure of H,O,
(ID:784), nicotine (ID: 89594), and nitrosamine (ID: 37183) was obtained from database The National center of
Biotechnology Information. The 3-dimension modeling structure of LMP-1 predicted using SWISS-MODEL web server.
Hex 6.12 was used for the purpose of docking of the lead with the target molecule. Ligand details interaction then
detected by LigPlus+ v.1.4.4 software. Molecular graphics and analysis were performed with PyMOL.

Results: LMP-1 has interaction with H,O,, nitrosamine, and nicotine. Total energy that use of LMP-1 to interaction with
H,0, (-67,79 kd/mol) is lowest than interaction with nicotine (-149,43 kJ/mol) and nitrosamine (-82,93 kJ/mol). The kind
of interaction between LMP-1 and H,0, is hydrogen bond whereas interaction of LMP-1 between nicotine and
nitrosamine are hydrophobic bond.

Conclusions:LMP-1 has strongest interaction with H,O, than nicotine and nitrosamine. This is predicted that H,O, is
external factor that affect LMP-1 switching to lytic infection in NPC patients.

Keywords: H,O,, LMP-1; nasopharyngeal carcinoma, nicotine, nitrosamine

OZET

Amagc: Bu galismanin amaci nazofaringial karsinomun litik fazi tzerine etkili oldugu dusundlen LMP-1, ile H,O, ,
nitrozamin ve nikotinin gibi dis faktorler arasindaki etkilesimi belirlemektir.

Materyal ve Metod: insan LMP-1 (Gl: 343177335) aminoasid sekansi ile nikotin (ID: 89594), nitrozamin (ID: 37183) ve
H,O, (ID: 37183) nin yapisal igerigi The National center of Biotechnology Information'a ait veri tabanina gore
aciklanmistir. LMP-1 in 3 boyutlu yapisi SWISS-MODEL web agi kullanarak tasarlandi. Hex 6,12 hedef molekile
Onculik etmesi icin kullanildi. LigPlus+1.4.4 software ile ligand detaylari tarandi. Molekdler grafikler ve analizler PyMOL
ile yapildi.

Bulgular: LMP-1 in H,O, , nitrozamin ve nikotin ile etkilesimi vardir. LMP-1 in H,O, etkilesimi i¢in harcadidi enerji (-
67,79 kj/mol), nikotin (-149,43 kj/mol) ve nitrozamin (-82,93 kj/mol) igin kullanilandan daha dusuktir. LMP-1 ile H,O,
arasindaki etkilesimin tirl Hidrojen bagdi iken LMP-1 ile nitrozamin ve nikotin arasindaki etkilesim hidrofobik bagdir.
Sonug¢: LMP-1 H,0; ile nitrozamin ve nikotine gore daha gi¢lli bag kurar. Dis etken olan H,O, nin LMP-1 i etkileyerek
NPC li hastalarda litik enfeksiyon fazina gegise neden oldugu tahmin edilmektedir.

Anahtar Kelimeler: H,O,, LMP-1, nazofaringial karsinom, nikotin, nitrozamin.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a rare
malignancy of squamous cell carcinoma in most
part of the world and it is one of the most
confusing, commonly misdiagnosed and poorly
understood disease™®. NPC is an Epstein-Barr
virus-associated malignant tumor and consistent
elevation in EBV antibody titers is a well-
established risk factor for the development of
NPC'3. While NPC tumors are known to express
three EBV-encoded proteins, EBNAL, LMP-1, and
LMP-2, they also express a large number of virus-
encoded small RNAs (EBERs) and microRNAs
(miRNAs). Among them, LMP-1 may be a central
in the development of NPC**. LMP-1 is recognized
as multifunctional genes which play in the
development of NPC; early genetic alterations may
predispose precancerous cells to EBV latent
infection®.

LMP-1 is an integral membrane protein, which
acts like a constitutively active receptor, and
confers a survival advantage to EBV infected cells.
The mechanisms of LMP-1 sensitizing NPC cells to
DNA damaging agents are far from being clear.
LMP-1 can exacerbate cancer cells sensitivity to
hydrogen peroxides. The etiology of NPC is
thought to be associated with a complex
interaction of genetic, viral, environmental and
dietary factors.

Previous study shows that the expression of
LMP-1 detected in both NPC and healthy serum
but BZLF-1 (35kDa) that predicted as lytic marker
only expressed in NPC serum®. It's predicted that
LMP-1 was affected by another factor that affect

activated of lytic phase. The transition of latent to
lytic phase in Raji cell line was mediated by
hydrogen peroxide (H>O- )7. Another study shows

that the high level of hydrogen peroxide (H.O: )
detected in NPC patient compared to non NPC,
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This is predicted that H,O; interacted with LMP-1
to lytic phase.

Exogenous exposures associated with NPC
previously included source of nitrosamine (dietary
and other)g. Studies have shown an association
between dietary consumption of salted fish and
other preserved foods rich in nitrosamines and
NPC risk'. Beside of nitrosamine consumption,
NPC patients have positively smoking. Nicotine
from smoking activity can stimulate downstream
cellular pathways intimately related to the cancer
process. Nicotine can enhance proliferation,
decreasing apoptosis, and enhancing
angiogenesis on oropharyngeal cancer’. Both
nicotine and nitrosamine were predicted any
interaction with LMP-1 as early oncoprotein to
affect downstream pathways.

This study aims to investigate the interaction
of LMP-1 with H,O, , nicotine, and nitrosamine to
predict the factor that affected LMP-1 to activated
lytic phase on NPC.

MATERIALS and METHODS

The Intensity of LMP1, BZLF1, H»0,
expression (intensity/um) on normal and NPC
tissues were measured by immunofluorescence
method and quantified with Olympus FluoView
software (version 1.7a). To predict the interaction
of LMP-1 with external factor, we were analyzed by
in silico. The amino acid sequence of human LMP-
1 (GI:343177335) and compound structure of H,O,
(ID:784), nicotine (ID: 89594), and nitrosamine (ID:
37183) was obtained from database The National
center of Biotechnology Information, National
Library of Medicine, National Institute of Health
http://www.ncbi.nlm.nih.gov/. The 3-dimension
modeling structure of LMP-1 predicted using
SWISS-MODEL web
www.swissmodel.expasy.org/*.
used for the purpose of docking of the lead with
the target molecule. Docking of LMP-1 and
compound target (H»O- , nicotine, nitrosamine) was
analyzed by using HEX software™. Ligand details

server,
Hex 6.12 was
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interaction then detected by LigPlus+ v.1.4.4
software'®. Molecular graphics and analyses were
performed with PyMOL™.

RESULT

Our results show that in normal tissues the
high level of LMP-1 will provide the high level of
BZLF-1 and H»O; (tablel). The level of LMP-1 and
H20, on NPC tissues were higher than normal
tissues, meanwhile the BZLF-1 level was little bit
higher than normal but not significant (P>0.05). To
confirm interaction LMP-1 and H»O, and/or other
compounds, we analyze them by in silico.

Modeling protein of LMP-1 has important role
to study interaction between LMP-1 and H;O; ,
nitrosamine, and nicotine. Protein 3-dimensional
structure of LMP-1 (Figure l1a) was generated
using SWISS-MODEL From several
predicted structure for LMP-1, the best model was
picked based on Ramachandran plot analysis. The
best model was picked based on highest
percentages of residues in most favored regions

server.
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and lowest percentages score in outlier region.
The stereo chemical quality of predicted of LMP-1
structure was analyzed through residue by residue
geometry and all geometry of protein structure
using RAMPAGE server [16]. Ramachandran plots
were drawn for this protein structure. In
Ramachandran plots (Figure 1b), the most favored
regions are indicated by dark blue patches, while
areas show allowed regions. It was observed that
LMP-1 has 88.0% number of residues in favored
region, 8.9% number of residues in allowed region,
3.1% number of residues in outlier region.

LMP-1 has interaction with H>O,
nitrosamine, and nicotine as shown in Fig 2. Total
energy that use of LMP-1 to interaction with H,O3 (-
67,79kJ/mol) is highest than interaction with
nicotine  (-149,43kJ/mol) and nitrosamine (-
82,93kJ/mol). The kind of interaction between
LMP-1 and H,0O, is hydrogen bond as shown with
blue line whereas interaction of LMP-1 between
nicotine and nitrosamine are hydrophobic bond.

Tablel Intensity of LMP1, BZLF1, H,0, expression (intensity/um) (P>0.05) on normal and NPC
tissue by immunofluorescence and quantified with Olympus FluoView software (version 1.7a)

LMP1 BZLF1 H,0,
Normal 998.56° 910.0313% 759.0233%
NPC 2036.78° 1024.474° 2600.137"
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Figure 1. Budiningrum et al., 2014

Figurel.3D structure of LMP-1 protein (1a) and Ramachandran plots analysis for structure of LMP-1 protein (1b).
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DISCUSSION

We found highest energy that used LMP-1 to
interact with H,O, . We are suggested that highest
energy required to interaction between LMP-1 and
H.0; was little bit difficult. The interaction between
LMP-1 and H;0; is facilitated by hydrogen bond.
The result of docking interaction analysis also
showed that amino acid that directly involved in the
interaction (Figure 2). In the interaction between
LMP-1 and H,0; , formed by 2 hydrogen bonds,
those are H,O, 2> Asp268 and H,O, > Thr270,
beside hydrogen bonds, this interaction formed by
4 hydrophobic bonds; those are H,O, > Asp266,
H.0, > Pro267, H,O» > Asp269, and H.0, >
Asp271.

In contrary, the lower energy provided the
LMP-1 and nicotine stronger interaction than LMP-
1 and H;0; , and interestingly, this interaction is
facilitated by hydrophobic bond. The interaction
between LMP-1 and nicotine formed by 8
hydrophobic  bonds; those are Nicotine
(C10H14N2) with Alal57, Leul58, Leul60,
GIn161, Asp268, Thr270, Asp271, Asp272. The
interaction between LMP-1 and nitrosamine
formed by 6 hydrophobic bonds; those are
nitrosamine (H2N20O) with Glu254, Pro256,
GIn265, Asp266, Pro267, Asp268.

The hydrogen bond is more stable than
hydrophobic bond, although interaction between
LMP-1 and H,O; is difficult but the binding is more
stable than nicotine and nitrosamine. LMP-1 is
easy to interact with nicotine and nitrosamine but
the binding is weak and not stable. Latent
membrane protein 1 (LMP-1) is of special interest
since it is generally considered to be the main EBV
oncogene®.  EBV, in  conjunction  with
environmental and genetic factors, plays a role in
the development of NPC'". According to the result
of this interaction is consistent with previous study
that H,O; is highly detected in nasopharyngeal
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carcinoma patients than normal individual®.
Hydrogen peroxide (H2O.» ) is non radical of
reactive oxygen species that contributes to tumor
initiation and progression solely by inducing
genomic instability. ROS (reactive oxygen species)
production or decrease in ROS-scavenger capacity
disturbs redox homeostasis which leads to an
overall increase of intracellular ROS level™®. This is
predicted that H>O, more capable than nicotine
and nitrosamine to caused LMP-1 to switch from
latent to lytic that signed by BZLF-1 expression,
because previous study shows that only the NPC
patients have BZLF-1 at 32 kDa as regulatory lytic
phase not in normal individual®.

Nitrosamine might be importance in the
development of NPC. This chemical carcinogen
has a known tissue-specific oncogenic effect™.
Smoking may also contribute as one of the
environmental factors to NPC development®.
Chronic exposure to various carcinogens may lead
to genetic instability/damage of epithelial cells in
the nasopharynx and may give rise to the
development of multiple abnormal cell clones in
the epithelium?. In this study, we found that both
nicotine and nitrosamine have interaction with
LMP-1 as first oncogenic of NPC, but this
interaction is weak.

In summary, we found that LMP-1 has
strongest interaction with H,O; than nicotine and
nitrosamine. This is predicted that H,O, is external
factor that affect LMP-1 switching to lytic infection
in NPC patients.
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Figure 2. Budiningrum et al., 2014

Compound ID: 784

Molecular Weight: 34.01468 [g/mol]
Molecular Formula: H,O,
XLogP3-AA:-0.9

H-Bond Donor: 2

H-Bond Acceptor: 2

Etotal LMP1 + H,0, = -67,79 kJ/mol

Compound ID: 89594

Molecular Weight: 162.23156 [g/mol]
Molecular Formula: C, H,,N,
XLogP3: 1.2

H-Bond Donor: 0

H-Bond Acceptor: 2

E total LMP1+nicotine = -149,43 kJ/mol

Compound ID: 37183

Molecular Weight: 46.02868 [g/mol]
Molecular Formula: H.N,O
XLogP3-AA: -0.6

H-Bond Donor: |

H-Bond Acceptor: 3

E total LMP 1+nitrosamine= -82,93 kJ/mol

Figure2.Interaction of LMP-1 and H,O,, nicotine, and nitrosamine visualized by Hex 6.12 software.
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